Introduction
The development of sulfate selective anion receptors is currently an area of intense interest due the important roles this anion plays in biological systems and disease, 1 in 15 hydrometallurgy 2 and as a pollutant.
3 Tripodal tris-urea based systems have been developed by Custelcean and co-workers as selective receptors for SO 4 2- with the goal of precipitating the anion from solution. 4 These species form 2:1 receptor:sulfate complexes binding the anion via twelve 20 
NH
… O hydrogen bonding interactions. Additionally Custelcean, Hay and co-workers have developed selfassembling urea containing cage systems to arrange six urea groups around sulfate. 5 Sulfate has also been employed by
Beer and co-workers in to assemble a variety of interlocked 25 structures. 6 Macrocyclic sulfate receptors include Sessler's cyclo [8] pyrrole 7 , Bowman-James' cyclic tetraamide/amine based receptor 8 that forms a sandwich complex with SO 4 2-and Kubik's cyclic peptide based molecular oysters. 9 Despite the anion complexation properties of indole being 30 recognised in biological systems, 10 it was not until 2004 11 and 2005 12 that the first reports of the use of indole in synthetic anion receptors appeared. Since then indole has been employed in a number of receptor systems 13 including a variety of foldamers reported by Jeong and co-workers that 35 exhibit conformational changes in the presence of particular anions. 14 Taking inspiration from this latter work, we decided to synthesise linear receptors that could wrap around tetrahedral oxo-anions such as sulfate but that would possess lower affinities for anions possessing other geometries.
40
We have previously shown that diindolylureas form 3:1 complexes with PO 4 3-(binding the anion via twelve hydrogen bonds) 15 in the solid state and in the process drive the deprotonation of the anion. 16 In this paper we report the synthesis of receptors 1 and 2 that contain pendant amido-45 indole and amido-carbazole groups and their interaction with a range of anionic guests. These compounds are designed to selectively bind sulfate over chloride (due to the large size of the binding site) or carboxylates (due the the carboxylate anion being saturated by four hydrogen bonds from the 50 diindolylurea skeleton 15 ). We compared the anion complexation properties of these species with compound 3 16 which contains pendant phenyl amides and a total of six hydrogen bond donor groups.
Results and Discussion

55
Synthesis 7-Nitroindole-2-carboxylic acid was coupled to either 7-aminoindole or 1-aminocarbazole using pyBOP as an amide coupling reagent in DMF. The resulting amides were reduced from nitro-to amine derivatives using 10%Pd/C under an 60 hydrogen atmosphere in DMF and the resulting amines coupled using triphosgene in a mixture of chloroform, DMF and saturated sodium bicarbonate solution to afford compounds 1 and 2 in 29% and 55% respective overall yields. Compound 3 was synthesised using literature methods. 
Crystallography
Initial anion complexation studies were conduced using single crystal X-ray diffraction. 3.109 (7) (7)Å the symmetry transformation -x+1, -y+1, -z generates atoms labelled (i). We have previously observed deprotonation of 20 dihydrogenphosphate bound to neutral diindolylurea based receptors due to the multiple hydrogen bonding interactions lowering the pKa of the bound guest to the extent that it is deprotonated by free dihydrogen phosphate in solution and we suggest that the same process occurs here. Crystals of the tetrabutylammonium sulfate complex of 40 receptor 1 were obtained by slow evaporation of a DMSO solution of the receptor in the presence of excess terabutylammonium sulfate. 17 The structure (Figure 3 
Solution studies
The solution anion binding properties of compounds 1 and 2 were studied by 1 H NMR titration techniques in DMSOd 6 /water mixtures and compared to those of compound 3. Initial 1 H NMR titration studies were conducted in DMSO-10 d 6 /0.5% water. The NMR titrations with compounds 1 -3 with acetate are shown in Figure 4 . The results show that the NH groups in the central diindolylurea unit in these three compounds bind the first equivalent of acetate added to solution. Futher aliquots of acetate bind to the pendant amide 15 or pendant amide and/or indole or carbazole groups (as shown in Scheme 1 for compound 1). This can be seen clearly in the NMR titration curves for compounds 1 and 2 wherein the pendant NH groups begin to shift downfield after the addition of 1.0 equivalents of acetate. In the case of compound 2, it 20 appears that more complex equilibria are present as after the addition of three equivalents of acetate, the central indole groups begin to shift downfield again after having previously reached a plateau. This process does not occur in DMSO- In contrast to the results found with acetate, addition of 10 tetrabutylammonium sulfate causes all the NH groups in compounds 1, 2 and 3 to shift downfield upon addition substoichiometric quantities of the anion. The NMR titration data conducted in DMSO-d 6 /0.5% water is shown in Figure 6 . Figure 8 . 
16
In all cases these stability constants were calculated following the shift of the urea NH groups using the EQNMR computer program. In DMSO-d 6 /0.5% water, behaviour indicative of deprotonation of the bound anionic guest was observed with compounds 1 and 2 upon addition of dihydrogen phosphate and bicarbonate (with the latter anion added as the tetraethylammonium salt), i.e. new peaks appear in the NMR 45 spectrum shifted significantly downfield from the free ligand due to formation of monohydrogen phosphate or carbonate complexes. This results from multiple hydrogen bonding interactions to the bound guest from the receptor reducing the pKa of the anion and subsequent deprotonation by free anion in solution.
13 Deprotonation was confirmed by addition of one equivalent of the anionic guest followed by hydroxide 5 which results in the appearance of the same new NMR resonances. This is shown in Figure 9 for compound 1 and tetrabutylammonium dihydrogen phosphate. In 10% water this was observed only upon addition of HCO Figure 9 . Proton NMR titration for compound 1 and tetrabutlyammonium dihydrogen phosphate in DMSO-d6/0.5% water.
Conclusions
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